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Recent data highlight how eukaryotic ribosomes
connect polypeptide synthesis to translational
regulation and targeting. Information contained in
nascent polypeptides can be transmitted by
surprisingly diverse routes.
The peptidyltransferase center of the ribosome is the
birthplace of polypeptides. The components of the ribo-
somal polypeptide tunnel and factors associated at the
tunnel exit can be viewed as molecular midwives which
sense the different requirements of nascent polypep-
tides and connect them to downstream processes such
as translocation or folding [1]. One such factor is the
signal recognition particle (SRP), a ribonucleoprotein
complex which in eukaryotes is essential for the
cotranslational translocation of proteins into the
endoplasmic reticulum (ER). SRP binds to ribosomes
translating polypeptides that bear a signal sequence,
arrests translation and targets the ribosome–nascent
chain complexes to the ER membrane [2].
Substantial progress has been made recently in
unraveling the mechanistic basis of SRP’s targeting
function. I shall focus on SRP’s translational arrest activ-
ity, which was up to now only poorly understood. The
breakthrough comes from cryo-electron microscopy of
SRP bound to a translating ribosome: Beckmann and
coworkers [3] have revealed how SRP conveys the
signal for translational arrest to the peptidyl-transferase
center. When translation resumes after release of SRP,
the nascent polypeptide is either integrated into the ER
membrane or translocated into the ER lumen. Art
Johnson’s group [4] has obtained insight into the mech-
anism by which a polypeptide buried deep inside the
ribosome can transmit information about its destination
to the translocation machinery.
Translational Arrest is Mediated by Molecular
Mimicry
Eukaryotic SRP can be divided into two subdomains:
the S-domain and the Alu-domain (Figure 1) [5]. The
Alu-domain, composed of the 7S RNA and
Srp9p–Srp14p, is required for translational arrest, while
the S-domain functions in signal sequence binding and
targeting [2,6]. How can SRP simultaneously bind to a
signal sequence and arrest translation, considering
that polypeptide bond formation and signal sequence
exposure occur at spatially well separated sites of the
large ribosomal subunit [7]? Structural information pro-
vides us with a surprisingly clear and simple answer.
It has been evident for many years that SRP is rod-
shaped and elongated in solution [2,8]. Cryo-electron
microscopy at 12 Å resolution of SRP attached to a
translating eukaryotic ribosome revealed a large, elon-
gated mass that stretches from the tunnel exit to the
interface of the two ribosomal subunits [3]. Instru-
mental for the interpretation of the data were partial
crystal structures of SRP at atomic resolution [3,5].
SRP is stitched to the ribosome in a bent conforma-
tion, with a major kink in the hinge region separating
the S-domain and the Alu-domain. Modeling of the S-
domain vividly confirmed earlier biochemical data that
had identified ribosomal proteins Rpl35 and Rpl25 as
SRP-binding sites [2,9]. Intriguingly, contacts made by
the Alu-domain are also used by elongation factor
eEF2. Additional contacts resemble interactions of
tRNA at the decoding center (Figure 1) [3].
Recent advances have shown that the original
concept of ‘molecular mimicry’ might be an oversim-
plification. In many cases, tRNA and protein factors
mimic each other functionally, rather than structurally
[10]. Positioning of the Alu-domain at the decoding
center strongly suggests that translational arrest is
another case of functional mimicry, as the Alu-domain
is not obviously similar in structure to tRNA or eEF2
[11]. Binding of the S-domain to the signal sequence
is a prerequisite for accommodation of the Alu-domain
in the elongation factor binding site [3,12]. Although
the exact mechanism remains to be determined, the
information contained in the signal sequence is rec-
ognized by the S-domain, channeled via the hinge
region to the Alu-domain, and finally transmitted to the
peptidyl transferase center.
Signaling from within the Tunnel
SRP’s unusual structure enables it to wrap around the
ribosome, spanning a distance of about 250 Å. The
more direct connection via the polypeptide tunnel is
approximately 100 Å in length. In eukaryotes and
archaebacteria, the tunnel wall is made by the 23S rRNA
and ribosomal proteins Rpl4, Rpl17 and Rpl39 (Figure 2)
[13]. It was originally thought that, to avoid interaction
with the nascent polypeptide, the tunnel must have a
Teflon-like lining [13]. Only recently was it appreciated
that there is more to the tunnel surface than what we
may expect from a non-stick frying pan.
In a pioneering study, Johnson and coworkers [14]
suggested signaling from within the ribosomal tunnel
to the ER translocation machinery. They found that the
ribosome, not the translocon, first identifies a trans-
membrane segment as the signal for integration into
the ER membrane. An intriguing question, however,
remained: how could the ribosome sense the hydro-
phobic nature of transmembrane segments? Using the
technique of fluorescence energy transfer (FRET) to
monitor conformational changes within a nascent
polypeptide the same group [4] has now reported evi-
dence, not only that transmembrane segments adopt
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an α-helical conformation close to the peptidyltrans-
ferase center, but that the specific environment
induces helix formation. A shorter hydrophobic stretch
does not adopt a similar structure, consistent with the
view that helix formation inside the ribosomal tunnel is
the initial signal for membrane integration.
Signaling from within the tunnel involves ribosomal
proteins exposed to the cavity, most likely Rpl17 and
Rpl39 (Figure 2) [4]. Crosslinking experiments
suggest that Rpl39 recognizes newly synthesized
transmembrane segments and, in turn, initiates
opening of the seal between ribosome and translo-
con [4]. Rpl39, however, also influences other ribo-
somal functions. Rpl39 is not essential in yeast, but
strains lacking this tiny protein have a defect in
translational fidelity and die in the presence of error-
inducing drugs [15]. Likewise, error-inducing drugs
cannot be tolerated in the absence of Ssb1/2p,
Ssz1p and zuotin, which form a functional chaperone
triad at the ribosomal tunnel exit [1,16,17]. Rpl39
would be ideally positioned to func-tionally connect
also these chaperones to the process of translation
(Figure 2) [13].
The second tunnel protein involved in sorting to the
ER membrane is the essential ribosomal protein Rpl17,
which can oscillate between different conformations
within the tunnel (Figure 2) [18]. Indeed, Johnson and
coworkers [4] show that Rpl17 changes position relative
to a transmembrane segment. The process is coupled
to functionally important structural rearrangements at
the translocon. Furthermore, nascent polypeptides can
signal backwards to the peptidyltransferase center, and
once more there is good evidence for a significant con-
tribution of Rpl17 [19]. In eubacteria, this type of signal-
ing can be employed to regulate the expression of
proteins organized in an operon. The exact mechanism
varies from case to case, but a prerequisite is a tran-
sient arrest of translation elongation or termination [20]. 
With this observation we have come full circle. The
peptidyltransferase center can be instructed to pause
by at least two entirely different routes, leading either
through the ribosomal tunnel or around the ribosome
[3,20]. In both cases the signal is contained in the
nascent polypeptide, and we just start to understand
how the ribosome and associated factors use this
information for their tasks beyond translation.
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Figure 1. SRP arrests polypeptide synthe-
sis of eukaryotic ribosomes.
On the left: a model of SRP (blue) attached
to the large ribosomal subunit translating a
polypeptide with an amino-terminal signal
sequence (dark green). Ribosomal protein
Rpl25 forms at least part of the attachment
site for SRP54. SRP68/72 functions as a
brace between the S-domain and the
dynamic hinge region, enabling SRP to
adopt a kinked conformation. SRP9/14
contacts the 18S rRNA of the small riboso-
mal subunit (not shown) in the intersubunit
space. Positioning of the Alu-domain
hampers entry of the elongation factor and
arrests translation [3,9,13]. On the right: a
molecular model of SRP. Protein compo-
nents are shown in blue, cyan, and gray;
7S RNA is in red and yellow; and the signal sequence in green. 54M is the signal sequence binding domain of SRP54. Hinge 1 and hinge
2 are the major flexible parts of the molecule, required for correct positioning of the Alu-domain upon signal sequence binding. Loops
L1.2 and L2 of the 7S RNA contact the large ribosomal subunit  (Reproduced with permission from [3].)
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Figure 2. A nascent polypeptide signals
from within the ribosomal tunnel.
On the left: functional interaction of proteins
exposed to the tunnel surface with a
nascent polypeptide destined for the ER
membrane. According to the model —
speculative for some of the components —
Rpl4 is in close contact to both lumenal and
membrane targeted proteins. Rpl17 and
Rpl39, however, specifically interact with
nascent polypeptides containing trans-
membrane segments. Rpl17 nucleates the
folding of the transmembrane segment into
an α-helical structure (red). Upon helix for-
mation, Rpl17 undergoes a conformational
switch which affects ribosome-translocon
interaction. Rpl39 subsequently functions in
eliciting the opening of the ribosome-
translocon junction [4,7,13]. On the right: in
support of this model, global conforma-
tional changes of Rpl17 (L22) within the tunnel of a ribosome from Deinococcus radiodurans are observed upon binding of the macrolide
antibiotic troleandomycin (TAO, yellow) close to the tunnel entrance. Rpl17 (L22) is shown in its native (cyan) and swung (magenta) confor-
mation, which is induced by binding of the antibiotic. The RNA of the tunnel region is shown in gray (Reproduced with permission from [18].)
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